There is growing evidence that patient navigation improves breast cancer screening rates; however, there are limited efficacy studies of its effect among African American older adult women. OBJECTIVE: To evaluate the effect of patient navigation on screening mammography among African American female Medicare beneficiaries in Baltimore, MD. DESIGN: The Cancer Prevention and Treatment Demonstration (CPTD), a multi-site study, was a randomized controlled trial conducted from April 2006 through December 2010. SETTING: Community-based and clinical setting. PARTICIPANTS: The CPTD Screening Trial enrolled 1905 community-dwelling African American female Medicare beneficiaries who were ≥65 years of age and resided in Baltimore, MD. Participants were recruited from health clinics, community centers, health fairs, mailings using Medicare rosters, and phone calls. INTERVENTIONS: Participants were randomized to either: printed educational materials on cancer screening (control group) or printed educational materials + patient navigation services designed to help participants overcome barriers to cancer screening (intervention group). MAIN MEASURE: Self-reported receipt of mammography screening within 2 years of the end of the study. KEY RESULTS: The median follow-up period for participants in this analysis was 17.8 months. In weighted multivariable logistic regression analyses, women in the intervention group had significantly higher odds of being up to date on mammography screening at the end of the follow-up period compared to women in the control group (odds ratio [OR] 2.26, 95 % confidence interval [CI]1.59-3.22). The effect of the intervention was stronger among women who were not up to date with mammography screening at enrollment (OR 3.63, 95 % CI 2.09-6.38). CONCLUSION: Patient navigation among urban African American Medicare beneficiaries increased self-reported mammography utilization. The results suggest that patient navigation for mammography screening should focus on women who are not up to date on their screening.
INTRODUCTION
Breast cancer remains the second leading cause of cancer death among women in the US, [1] [2] [3] with widespread racial/ ethnic disparities that span the cancer continuum. [4] [5] [6] [7] Compared to other racial/ethnic groups, African American women have the highest breast cancer mortality rates, 2, 8 including among older adults. 2 Lack of mammography screening and late diagnosis have been shown to contribute to these disparities, 7, [9] [10] [11] [12] [13] [14] highlighting the need for interventions that address racial/ethnic screening disparities.
Patient navigation is a promising approach to reducing disparities in breast cancer screening. [14] [15] [16] Patient navigators, often members of the community who are fluent in the patient's language and sensitive to her culture, help address barriers to care. 14 For example, patient navigators can assist individuals in overcoming obstacles to cancer screening, including difficulty with insurance coverage, lack of transportation, and poor comprehension of treatment plans. [17] [18] [19] These barriers are commonly reported among older African American women, who also report difficulty accessing health care and high levels of mistrust of the health care system. 20 A growing body of literature has shown the success of patient navigation in improving breast cancer screening ; [21] [22] [23] [24] [25] [26] [27] [28] [29] however, most of these studies were restricted to patients recruited in clinical settings, 22, 26, 27 lacked a control group, and/or did not use a randomized controlled design. 21, 22, 25, 26, 28, 29 Furthermore, few studies have examined the effect of patient navigation on breast cancer screening in the Medicare population (adults 65 years of age and over), focused exclusively on African American women, 30 or used a community-informed research design. [31] [32] [33] [34] Programs in partnership with the community that focus on specific underserved populations may offer an important corrective to existing disparities. 35 The objective of this study was to examine the effect of patient navigation on screening mammography among African American female Medicare beneficiaries in Baltimore, MD. We further examined the role of screening history, health literacy and age as potential moderators of the relationship between patient navigation and mammography screening. We hypothesized that patient navigation would be more beneficial among women who had not been screened previously and would help address difficulties commonly faced among women with low health literacy. With guidelines uncertain about the benefit of mammography in women age 75 and older, 3, 36 we further hypothesized that the intervention would be more effective among younger women.
METHODS

Study Setting, Design and Participants
We present data from the Cancer Prevention and Treatment Demonstration (CPTD) Screening Trial, a national 4-year (April 2006 through December 2010) multi-site project that evaluated patient navigation as a strategy to reduce ethnic and racial disparities in cancer screening. 31, [37] [38] [39] [40] The current study focuses on the CPTD in Baltimore City, MD, one of the six sites in the national demonstration project.
Both convenience-and population-based sampling were used to recruit participants in Baltimore City, MD, from November 2006 through March 2010. Convenience sampling was performed by study staff in clinical settings and community-based settings (e.g., senior centers and health fairs). For the population-based sampling, a list of Medicare enrollees was used to contact potentially eligible participants by mail and phone. Study letters were periodically mailed to African American Medicare enrollees in Baltimore City. Potential participants within each mailing cycle were then contacted by phone and screened for eligibility, until we reached our recruitment goal. Over 20,000 letters were mailed during the course of the study. Through these two recruitment methods, 3536 individuals were assessed for eligibility, from which 2593 participants were enrolled (73.3 %), 1905 of whom were women (see Fig. 1 ).
Participants were eligible if they were age ≥65 years, selfreported African American, enrolled in fee-for-service Medicare Parts A & B, and a Baltimore City resident. Exclusion criteria included enrollment in a Medicare managed care plan, a diagnosis of cancer within the past 5 years or a diagnosis of cancer not in remission, the inability to provide informed consent, and current residence in a chronic care facility or otherwise institutionalized. Only one individual per household was eligible to participate in the study. This analysis was restricted to women who provided exit data by the end of the study period in December 2010.
After completion of an in-person baseline questionnaire, participants were randomized 1:1 to either printed educational materials only (PEM -control group) or educational materials plus patient navigation services (intervention group). Followup interviews with both groups were repeated annually for the duration of participants' enrollment and there was an exit interview conducted at the end of the study period (2010). In both study groups, these interviews were performed either in person or over the phone.
The maximum follow-up time from baseline to exit screening for the CPTD study participants was 45. 
Interventions
Printed Educational Materials (PEM). Participants randomized to the control group received educational materials developed by CMS, containing general information about cancer and preventive services covered by Medicare.
Patient Navigation. Participants in the patient navigation intervention group received the same PEM plus patient navigation services. Navigation focused on multiple cancer screenings including breast cancer. Navigator training included didactic classroom time, interactive role playing, shadowing of navigators and instruction in the use of an electronic database specially designed to support the navigators' patient education and in which all navigation activities were documented. 31 Navigators made introductory phone calls to participants shortly after their baseline interview to introduce their role as screening facilitators, review participants' baseline cancer screening status, discuss printed educational materials, consider predisposing factors to cancer screening (e.g., perceptions and beliefs about cancer), and identify potential barriers. Navigators helped arrange appointments and accompany participants to screenings when necessary. Navigators also worked to enhance the patient-provider interaction by coaching patients on potential questions to ask their providers. An oncology nurse specialist was available to the patient navigation team to answer questions and provide clinical support.
Navigators made both in-person and phone-based contact, and managed caseloads of 100 to 300 participants. Patient navigators were expected to have, at a minimum, quarterly contact with participants by phone or in person. Participants who were up to date on their cancer screenings or indicated no barriers to getting screened received quarterly contact from navigators whereas more frequent contact occurred when the navigators were actively helping overcome barriers. For participants who were difficult to reach, navigators made frequent attempts to engage through letters or reaching out to participants' back up contact. 31 Over the course of the study, the majority of patient navigators were African American (71 %). All were women and came from Baltimore City and the greater Baltimore area. 31 The patient navigation program of the CPTD study was developed using a community-academic participatory approach including the formation of a community advisory committee. 31 
Main Outcome Measure
Our primary outcome variable for this analysis was selfreported receipt of mammography screening. At the exit interview, participants were asked whether they had ever had a mammogram, and if yes, the time interval from their last screening was collected. Women were considered up to date if they reported receipt of a mammogram during the preceding 24 months.
Control Variables
Data for all other variables were collected at baseline. Participant sociodemographic characteristics included age (>75 or ≤ 75 years old), marital status, education (<12th grade, completion of 12th grade, or >12th grade) and income (< $20,000/year or ≥ $20,000/year). Co-insurance was defined as supplemental private insurance, Medigap, or Medicaid. Women were defined as being up to date at baseline if they reported having received a mammogram within the preceding 24 months. Participants' risk of low health literacy skills was assessed with the Rapid Estimate of Adult Literacy in Medicine-Revised (REALM-R) instrument. 41 Participants with a score of ≤6 were classified as having low health literacy; a score of 6 corresponds to a sixth grade reading level and is associated with difficulty comprehending written and oral materials. 41, 42 Family history of breast cancer was assessed by the question, BHave your grandmother, mother, sister, or daughter ever been diagnosed with breast cancer?^Participants' comorbidities were a tally of the number of self-reported medical conditions from the following list: hypertension, diabetes, chronic lung disease, coronary heart disease or other heart problems, stroke, gastrointestinal problems, psychiatric disorders, arthritis, and memory-related disease. This variable was dichotomized at the sample mean (<3 or ≥ 3). 
Statistical Analyses
Pearson's chi-squared test was used to first compare demographic and health characteristics between participants in each study arm and second to compare characteristics of participants who were and were not lost to follow-up. We then used logistic regression models to estimate whether women in the patient navigation arm had increased odds of being up to date with mammograms at exit compared to women in the PEM arm, adjusting for participant covariates. Due to the high rate of loss to follow-up, we used the inverse probability method to weight our multivariable logistic regression models. 43, 44 In this approach, weights are used from regression models based on baseline characteristics and study arm assignment. Greater weight is given to participants who would otherwise be underrepresented in the analyses due to attrition. Overall, rates of missingness for study variables ranged from 0 % to 5.6 %, except for income which had a missing rate of 17.9 %. We used the multiple imputation chained equations (ICE) method to impute responses for covariates. In sensitivity analyses, we compared weighted and unweighted models and tested models without the income variable, finding similar results. We then tested whether the intervention worked differently among specific subsets of the population. In separate models, we tested interactions between the intervention and baseline mammogram status, health literacy, and patient age. All analyses were performed using STATA/IC version 11.0 software (StataCorp LP, College Station, TX).
RESULTS
Baseline Characteristics of Study Participants
Baseline characteristics of study participants by intervention group are shown in Table 1 . The majority of women were ≤75 years old (70 %), had at least a high school diploma (73 %), and had an annual household income of <$20,000 (53.5 %). At baseline, 88 % of participants reported having had a screening mammogram within the past 2 years. With the exception of marital status, there were no significant differences in observable characteristics between study arms. More women in the intervention group were married or living with a partner than in the control group (24.6 vs. 18.9, respectively, p=0.04). Abbreviations: PEM, printed educational materials; BC, breast cancer *P value calculated using Pearson's chi-squared test †Individuals were considered at risk for low health literacy if they scored 6 or less on the REALM-R health literacy tool ‡Up to date with breast cancer screening defined as self-reported mammography within 1 year of date of randomization. Note: Column percentages that do not equal 100 % are due to missing data Approximately 29 % of study participants were lost to follow-up: 24.7 % in the control group and 32.8 % in the intervention group (p<0.001). Table 2 examines loss to follow-up among the total sample and stratified by study arm. Participants who remained in the study were more likely to be younger and more educated, to have a higher income, supplemental insurance, and adequate health literacy, and to have been up to date at baseline screening. Participants who were not up to date at baseline were more likely to drop out from the intervention group but not the control group.
Adherence Outcomes
At study exit, a greater proportion of participants receiving the patient navigation intervention reported getting a mammogram than those in the control group (93.3 % and 87.5 %, respectively; p<0.001). As shown in Fig. 2 , among women who were not screening-adherent at baseline, the incidence of mammography screening at study exit was 73.4 % for those in the intervention group, compared to only 45.6 % for those in the control group (p<0.001).
In multivariable analysis (Table 3) , women in the intervention group had higher odds of having had a mammogram than women in the control group (odds ratio [OR] 2.26, 95 % confidence interval [CI] 1.59-3.22). The rate of mammography screening at exit was also independently and positively associated with younger age (OR 2.12, 95 % CI 1.50-3.00) and being up to date with screening at baseline (OR14.05, 95 % CI 9.86-20.02).
We observed a significant interaction between the intervention and baseline mammogram status (p=0.025 for the interaction term). Among women who were not up to date at baseline, the intervention was associated with a significant 
Completed exit interview
Lost to follow-up Abbreviations: BC, breast cancer *Includes individuals missing the outcome †P-value calculated using Pearson's chi-squared tests ‡Individuals were considered at risk for low health literacy if they scored 6 or less on the REALM-R health literacy tool §Up to date with breast cancer screening defined as self-reported mammography within 2 years of date of randomization Note: Column percentages that do not equal 100 % are due to missing data increase in the rate of screening at exit (OR 3.63, 95 % CI 2.10-6.26). The intervention remained significantly associated with mammography at exit among women who were up to date at baseline, though the effect size was smaller (OR 1.59, 95 % CI 1.00-2.52). We did not observe statistically significant interaction terms between the intervention and either health literacy or participant age.
DISCUSSION
In a randomized controlled trial, we found that the use of patient navigation services among African American older women in an urban area increased the odds of self-reported receipt of a screening mammogram by the time of exit from the study. In addition, the association between patient navigation services and mammography was stronger for women who were not up to date with their screening at baseline. Overall, our findings are consistent with previous studies that have shown patient navigator interventions to be effective in increasing screening mammography among minority or underserved communities. Recent systematic reviews have shown that patient navigation interventions improved screening mammography rates in medical and urban settings, and in participants who were racial/ethnic minorities. 28, 29 In a randomized controlled trial, Phillips and colleagues found that the integration of patient navigators into a health care system improved adherence to breast cancer screening among lowincome and predominantly middle-aged women. 26 It is noteworthy that in our study, patient navigators were effective in improving adherence to breast cancer screening for patients receiving primary care throughout Baltimore City, even though the navigators were not integrated within the primary care teams. Three of the other five CPTD sites also found improvement in rates of breast cancer screening among the intervention group. 40 Taken together, these studies suggest that a community-wide patient navigation program can help improve adherence to care by reducing barriers to care for patients across diverse health care systems. Furthermore, our data suggest that targeting of patient navigation to women who are not up to date with their mammography screening may be a more efficient use of resources.
Contrary to our hypothesis, the interaction between health literacy and intervention status was not significant. With multiple studies showing evidence of lower rates of screening mammography among women with low health literacy, 45, 46 targeting this population is critical. Further research is needed to explore ways to tailor patient navigation services for this high-risk population.
The patient navigation intervention was not modified based on age group. Despite controversy over the optimal age to stop breast cancer screening, studies suggest that screening persists, even among women with limited life expectancy. 47 Analyses examining whether patient navigation is influenced by life expectancy rather than age would be an important next step. 48 Future studies may consider tailoring patient navigators to women who may derive the greatest benefit from screening, while recognizing the need for informed decision-making among older women. 49, 50 Our study has several limitations. First, the focus on urban African American seniors in Baltimore City limits the generalizability of the study. Baltimore has a high percentage of African Americans with low socioeconomic status (79.6 % of the population graduated from high school, median household income is $40,803, and 23.4 % live below the federal poverty level), 51 and examination of interventions that reduce disparities in this high-risk population is critical. Related to this, the Baltimore CPTD study sample is more likely to be younger than potentially eligible participants based on the 2008 and 2009 Medicare roster (65.0 % age 65-74 in CPTD vs. 56.1 % in the Medicare roster, p<0.005), which may affect generalizability. Second, a large proportion of women were lost to follow-up, disproportionately so in the intervention group. We are uncertain why more women dropped out of the intervention despite the frequent contact and high levels of satisfaction with the intervention reported among those who remained. It is plausible that the larger dropout rate in this group was due to contact fatigue among some women. It is also possible that some participants felt uncomfortable with navigation (e.g., due to perceived loss of privacy when navigators were from the same community), which may have deterred some from following up and/or receiving screening. In order to reduce bias, we used weighted logistic regression with the inverse probability method in order to 1) address the differential loss by group status and 2) account for observable differences in baseline characteristics between participants who completed the study and those who were lost to followup. This approach, however, is unable to account for unobservable differences that may be associated with attrition. Third, all study variables, including the outcome variable, were obtained by self-report. Studies have shown that selfreported use of mammography tends to be overstated, 52 though it would not necessarily be differential between the control and intervention arm participants. While the potential for over-reporting of screening in the intervention arm due to social desirability bias is plausible, independent analysis using claims data by RTI International, a non-profit research organization, for the Centers for Medicare and Medicaid Services (CMS) showed higher mammography rates in the intervention group across four study sites. 40 Finally, the costs of the CPTD program were evaluated in the RTI report, revealing a cost of approximately $3,000 per person enrolled in the Baltimore site. A formal cost-benefit analysis of this program is an important direction for future research. 53, 54 Strengths of the *Odds ratios (OR) and 95 % CIs were calculated using weighted multiple logistic regression models adjusted for variables in the table study include its focus on a vulnerable population, the use of a community-based participatory approach, a randomized controlled design, and examination of potential moderators of the intervention.
In conclusion, our study adds to the evidence that patient navigation services are positively associated with improving utilization rates of breast cancer screening services for minority women, especially among women who are not up to date on mammography screening. Future interventions that target women who are not up to date with screening are likely to be a more efficient use of patient navigation services. As health care access and delivery continues to evolve under payment models encouraged by the Affordable Care Act, patient navigation programs may be an effective way to improve screening and address disparities in cancer care among racial/ethnic minority populations and older adults.
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